
Tutorial 8: Introduction to USPEX 
Maksim Rakitin 

maksim.rakitin@stonybrook.edu 
 

Shengnan Wang 
shengnan.wang@stonybrook.edu 

 
Stony Brook University 

Department of Geosciences 

mailto:maksim.rakitin@stonybrook.edu
mailto:shengnan.wang@stonybrook.edu


Useful links: 

 

• References, where the method was exhaustively 
described: http://uspex.stonybrook.edu/uspex.html 

 

• USPEX manual: 
o HTML: http://han.ess.sunysb.edu/uspex_manual/ 

o PDF:    http://han.ess.sunysb.edu/uspex_manual/uspex_manual.pdf 

 

• USPEX utilities: http://han.ess.sunysb.edu/ 
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How to start your calculations 

 

1. Prepare INPUT.txt file. 

2. Prepare files in Specific/ directory (for VASP: 
INCAR_1,…,INCAR_N, POSCAR_A, POSCAR_B, 
etc.) 

3. If necessary, prepare additional files, which are 
described in the manual. 

4. Start calculation: USPEX –r 
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Connection information: 

 

• ssh USPEXBNL@qsh.ess.sunysb.edu 

Password: ******** (please enter the password 
correctly, otherwise we will be blocked) 

• cd ~/workshop 

• mkdir <your userid on nano.bnl.gov> 

• cd <your userid on nano.bnl.gov> 

• USPEX –h 
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Examples for today: 
 

 

• Bulk Mg4Al8O16 (fixed composition, calculationType=300, GULP) 

 

• Bulk Si-C (variable composition, calculationType=301, VASP) 

 

• O2 @ Si (100) (fixed composition, calculationType=200, VASP) 

 

• C13 nanoparticles (fixed composition, calculationType=000, VASP) 
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Examples file system 
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~/examples/ 

example1_GULP_300/ example2_VASP_301/ example3_VASP_200/ example4_VASP_000/ 

Specific/ 
INPUT.txt 
USPEX_GULP_300.job 
 
reference/ 
reference_long/ 

Specific/ 
INPUT.txt 
USPEX_VASP_301.job 
 
 
reference/ 

Specific/ 
INPUT.txt 
POSCAR_SUBSTRATE 
uspex_VASP_200.sh 
 
reference/ 

Specific/ 
INPUT.txt 
uspex_VASP_000.sh 
 
 
reference/ 



Examples for today: 
 

 

• Bulk Mg4Al8O16 (fixed composition, calculationType=300, GULP) 

 

• Bulk Si-C (variable composition, calculationType=301, VASP) 

 

• O2 @ Si (100) (fixed composition, calculationType=200, VASP) 

 

• C13 nanoparticles (fixed composition, calculationType=000, VASP) 
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Bulk Mg4Al8O16 (example1_GULP_300) 

 

 

MgAl2O4 (28 atoms/cell) at 100 GPa pressure. 
Variable-cell calculation using Buckingham 
potentials, GULP code. This test has direct bearing 
on the physics of the Earth's interior! 
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Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 
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Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 
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Number of atoms of each type 

Valences of each type of atom 

Possible space groups for crystals 



Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 
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Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 

 11/07/2014 | Tutorial 8: Introduction to USPEX | Maksim Rakitin 12 

Picture from “Oganov A.R., Ma Y., Lyakhov A.O., Valle M., Gatti C. (2010). Evolutionary crystal structure prediction 
                             as a method for the discovery of minerals and materials. Rev. Mineral. Geochem. 71, 271-298” 



Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 
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Pictures from “Oganov A.R., Ma Y., Lyakhov A.O., Valle M., Gatti C. (2010). Evolutionary crystal structure prediction 
                             as a method for the discovery of minerals and materials. Rev. Mineral. Geochem. 71, 271-298” 



Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 
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Picture from “Lyakhov A.O., Oganov A.R., Stokes H.T., Zhu Q. (2013). New developments in evolutionary structure  
                                                        prediction algorithm USPEX. Comp. Phys. Comm. 184, 1172-1182” 



Bulk Mg4Al8O16 (example1_GULP_300) 

In results1/OUTPUT.txt you will notice: 
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Bulk Mg4Al8O16 (example1_GULP_300) 

INPUT.txt: 
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Bulk Mg4Al8O16 (example1_GULP_300) 

 

Run the example: 

• cp –r ~/examples/example1_GULP_300/ . 

• cd example1_GULP_300/ 

• bsub < USPEX_GULP_300.job 

 

Monitor log file, check if USPEX_IS_DONE file 
appeared. Then cd to results1/ to view results. 
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Bulk Mg4Al8O16 (example1_GULP_300) 

Output files: 
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E_series.tif Energy_vs_N.tif 



Bulk Mg4Al8O16 (example1_GULP_300) 

Output files: 
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Variation-Operators.tif Energy_vs_Volume.tif 



Bulk Mg4Al8O16 (example1_GULP_300) 

Output files: 
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Pressures_output.png 



Bulk Mg4Al8O16 (example1_GULP_300) 

Output files: 
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log – contains console output of USPEX 
results1/generation*/ folders – contain results in *.mat files for the generations 
results1/OUTPUT.txt – contains detailed information on each generation 
results1/Parameters.txt = INPUT.txt 
Individuals – summary file where you can find main results: 

BESTIndividuals – gives this information for the best structures from each generation 
gatheredPOSCARS – concatenated POSCAR files 
gatheredPOSCARS_order – same as gatheredPOSCARS, but with order parameter 
BESTgatheredPOSCARS – the same data for the best structure in each generation 
BESTgatheredPOSCARS_order – same as BESTgatheredPOSCARS, but with order parameter 



Bulk Mg4Al8O16 (example1_GULP_300) 

Output files: 
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goodStructures – like Individuals, but ordered by descending of stability 
goodStructures_POSCARS – concatenated POSCAR files ordered by descending of stability  
enthalpies_complete.dat – gives the enthalpies for all structures in each stage of relaxation 
non_optimized_structures – gives all structures produced before relaxation 
origin – shows which structures originated from which parents and through which 
variation operators 
fitnessStatistics.pdf: 



Bulk Mg4Al8O16 (example1_GULP_300) 

 

View gatheredPOSCARS: 

• cd results1/ 

• python ~/examples/split_POSCARS.py 

This will produce POSCAR_files/ folder with 
splitted POSCAR files, which you can download on 
your computer and visualize using VESTA, VMD, 
etc. 
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Bulk Mg4Al8O16 (example1_GULP_300) 

View gatheredPOSCARS (from reference_long/): 
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Examples for today: 
 

 

• Bulk Mg4Al8O16 (fixed composition, calculationType=300, GULP) 

 

• Bulk Si-C (variable composition, calculationType=301, VASP) 

 

• O2 @ Si (100) (fixed composition, calculationType=200, VASP) 

 

• C13 nanoparticles (fixed composition, calculationType=000, VASP) 
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Bulk Si-C (example2_VASP_301) 

INPUT.txt: 
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Bulk Si-C (example2_VASP_301) 

INPUT.txt: 
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Only for variable-composition calculations! 

Si Si 

C 

C 

1 for VASP 



Bulk Si-C (example2_VASP_301) 

 

Run the example: 

• cd ~/workshop/<your directory> 

• cp –r ~/examples/example2_VASP_301/ . 

• cd example2_VASP_301/ 

• bsub < USPEX_VASP_301.job 

 

Monitor log file, check if USPEX_IS_DONE file 
appeared. Then cd to results1/ to view results. 
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Bulk Si-C (example2_VASP_301) 

Output files: 
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extendedConvexHull.pdf 



Bulk Si-C (example2_VASP_301) 

Output files: 
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convex_hull – gives all thermodynamically stable compositions, and their enthalpies (per atom) 
extended_convex_hull, extended_convex_hull_POSCARS – all unique low-energy 
compositions and structures 

Your structures 
may be different! 



Examples for today: 
 

 

• Bulk Mg4Al8O16 (fixed composition, calculationType=300, GULP) 

 

• Bulk Si-C (variable composition, calculationType=301, VASP) 

 

• O2 @ Si (100) (fixed composition, calculationType=200, VASP) 

 

• C13 nanoparticles (fixed composition, calculationType=000, VASP) 
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O2 @ Si (100) (example3_VASP_200) 
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INPUT.txt: 

Vacuum layer 

Add layer 

Substrate layer 

Fixed part 

Free part 



O2 @ Si (100) (example3_VASP_200) 

 

Run the example: 

• cd ~/workshop/<your directory> 

• cp –r ~/examples/example3_VASP_200/ . 

• cd example3_VASP_200/ 

• nohup ./uspex_VASP_200.sh > out 2>&1 & 

 

Monitor log file, check if USPEX_IS_DONE file 
appeared. Then cd to results1/ to view results. 
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O2 @ Si (100) (example3_VASP_200) 
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Output files: 

Your structures 
may be different! 



Examples for today: 
 

 

• Bulk Mg4Al8O16 (fixed composition, calculationType=300, GULP) 

 

• Bulk Si-C (variable composition, calculationType=301, VASP) 

 

• O2 @ Si (100) (fixed composition, calculationType=200, VASP) 

 

• C13 nanoparticles (fixed composition, calculationType=000, VASP) 
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C13 nanoparticles (example4_VASP_000) 
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INPUT.txt: 



C13 nanoparticles (example4_VASP_000) 

 

Run the example: 

• cd ~/workshop/<your directory> 

• cp –r ~/examples/example4_VASP_000/ . 

• cd example4_VASP_000/ 

• nohup ./uspex_VASP_000.sh > out 2>&1 & 

 

Monitor log file, check if USPEX_IS_DONE file 
appeared. Then cd to results1/ to view results. 
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C13 nanoparticles (example4_VASP_000) 
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Results: 
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